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DSHUWXUHVL]HWRWKHRXWSXWDSHUWXUHVL]HWREHZLWKLQRXUGHVLJQJRDORI6LQFHVXQOLJKWKDVDQDSSUR[LPDWH
LQWULQVLFGLYHUJHQFHRIͲǤʹͷιRUKDOIDQJOHWKHRXWSXWOLJKWZLOOKDYHDPLQLPXPKDOIDQJOHRIܥ ൈ ͲǤʹͷι>@
ZKHUH& LV WKHFRQFHQWUDWLRQ IDFWRU ,QSULQFLSDO WKLV V\VWHPFDQDFKLHYHDKDOIDQJOHRIͷι+RZHYHUWKHUHDUH
RWKHUIDFWRUVWKDWZLOOLQFUHDVHWKHGLYHUJHQFHVXFKDVDEHUUDWLRQFDXVHGE\WKHOHQVHVDQGPLUURUV8VLQJDOHQVZLWK
ORZHUIQXPEHUZKHUHIQXPEHULVWKHUDWLRRIWKHIRFDOGLVWDQFHWRWKHOHQVDSHUWXUHLQFUHDVHVWKLVDEHUUDWLRQ7R
PDLQWDLQKLJKO\FROOLPDWHG OLJKWLW LVLPSRUWDQWWRXVHD OHQVZLWKDUHDVRQDEO\KLJKIQXPEHUDQGFRQFHQWUDWH WKH
OLJKWPRUHVORZO\RYHUDORQJHUGLVWDQFH7KHXQLTXHRSWLFDOGHVLJQLVVXFKWKDWLWDOORZVWKHOLJKWWREHFRQFHQWUDWHG
RYHUDORQJSDWKGLVWDQFHDVLWWUDYHOVYHUWLFDOO\DORQJDIROGHGRSWLFDOSDWKLQVLGHWKHHQFORVXUH7KLVDOORZVWKHKDOI
DQJOHRIWKHFRQFHQWUDWHGOLJKWWREHZLWKLQRXUGHVLJQJRDORI
7KH FRQFHQWUDWRUV LQWHUDFW ZLWK WKH VXQOLJKW WR UHGLUHFW LW WRZDUG WKH EXLOGLQJ IDoDGH DW D JODQFLQJ DQJOH IRU
H[DPSOHι,QRUGHUIRUWKHVXQOLJKWWRVWULNH0LUURULQVLGHWKHHQFORVXUHVKRZQLQ)LJXUHDWKHOLJKWPXVWEH
IXUWKHU UHGLUHFWHG WR D VWHHSHU DQJOH IRU H[DPSOH ι LQ WKLV GHVLJQ $ FXVWRPL]HG SULVP ILOP SODFHG DERYH WKH
)UHVQHOOHQVHVDQGFKDQJHVWKHDQJOHRILQFRPLQJOLJKWWRWKHGHVLUHGDQJOH7KH)UHVQHOOHQVHVDQGWKHSULVPILOP
DUH LQVWDOOHGLQVLGH WKH OHQVDVVHPEO\DQG WKHHQWLUH VWUXFWXUHLVSRVLWLRQHGDWι IURP WKHKRUL]RQWDOGLUHFWLRQ VR
WKDWWKHOLJKWSDVVLQJWKURXJKWKHSULVPILOPLVSHUSHQGLFXODUWRWKHOHQVHV7RPLQLPL]HWKHV\VWHP¶VYLVXDOLPSDFWRQ
WKHEXLOGLQJVDSSHDUDQFHLWLVGHVLUDEOHWRPDNHWKHHQFORVXUHWKLQLQWKH\GLUHFWLRQZKHUHDVLQWKH[GLUHFWLRQWKH
HQFORVXUHFDQEHDVZLGHDVWKH)UHVQHOOHQV7KLVDOORZVWKHXVHRIWZROLQHDU)UHVQHOOHQVHVZLWKGLIIHUHQWSRZHUVLQ
[DQG\GLUHFWLRQVUDWKHUWKDQDFLUFXODUOHQV7KHPDLQDGYDQWDJHRIOLQHDU)UHVQHOOHQVHVLVWKDWOLJKWLVFRQFHQWUDWHG
LQOLQHUDWKHUWKDQDWDSRLQW,QWKLVGHVLJQWKHSRZHURIHDFKOHQVLVGLIIHUHQWWKXVWKHFRQFHQWUDWLRQGRHVQRWKDSSHQ
DW WKH VDPH ORFDWLRQ 7KLV DOVR DYRLGV JHQHUDWLQJ D UHJLRQ RI LQWHQVHO\ IRFXVHG VXQOLJKW ZKLFK FDQ EH D VDIHW\
FRQFHUQ
/HQVZKLFKLVDOLQHDU)UHVQHOOHQVLQWKH[GLUHFWLRQZLWKDQIQXPEHURIFRQFHQWUDWHVOLJKWVORZO\LQWKH[
GLUHFWLRQ)LJXUHE7KHOLJKWWKHQKLWV0LUURUDQGWUDYHOVXSZDUGLQVLGHWKHHQFORVXUHWRVKLQHRQ0LUURU,W
WKHQWUDYHOVGRZQZDUGDQGZLOOEHFRQFHQWUDWHGEHIRUHKLWWLQJ0LUURU7KHVHPLUURUVDUHIODWLQWKH[GLUHFWLRQDQG
DUHXVHGWRLQFUHDVHWKHGLVWDQFHWKDWOLJKWFDQWUDYHOZLWKLQWKHHQFORVXUH7KLVDOORZVOLJKWWREHVORZO\FRQFHQWUDWHG
RYHU WKH WRWDOSDWK OHQJWK7KHFRQFHQWUDWHGOLJKWWKHQKLWV0LUURUDQGLVUHGLUHFWHG WRZDUGV/HQV/HQVLVD
OLQHDU)UHVQHOOHQVZKLFKFROOLPDWHVWKHFRQFHQWUDWHGOLJKWLQWKH[GLUHFWLRQ

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)LJ&RQFHQWUDWRUXQLWDVLGHYLHZELVRPHWULFYLHZ
$VSUHYLRXVO\PHQWLRQHGWKHHQFORVXUHQHHGVWREHWKLQLQWKH\GLUHFWLRQ7KXVDKLJKHURSWLFDOSRZHUOHQVPXVW
EHXVHG LQ WKLVGLUHFWLRQWRQDUURZ WKHEHDPHQRXJKVR WKDWDOO WKH OLJKW VWULNHV0LUURU$ OLQHDU OHQVZLWKDQI
QXPEHURIZDVXVHGLQ[GLUHFWLRQWRFRQFHQWUDWHOLJKW7RVORZGRZQWKHFRQFHQWUDWLRQVXFKWKDWOLJKWFDQWUDYHO
WKHVDPHGLVWDQFHDVLQ\GLUHFWLRQZKLOHPDLQWDLQLQJWKHGHVLUHGVSHFLDODQGDQJXODUFKDUDFWHULVWLFVDFRQYH[PLUURU
LQWKH\GLUHFWLRQ0LUURUZDVXVHG)LJXUHD/LJKWZLOOWKHQKLW0LUURUZKLFKLVDFRQFDYHPLUURULQWKH\
GLUHFWLRQ7KLVPLUURUFDXVHVWKHOLJKWWREHIRFXVHGDWWKHIRFDOSRLQWRI0LUURUZKLFKLVDQRWKHUFRQFDYHPLUURU
0LUURUWKHQFROOLPDWHVOLJKWLQ\GLUHFWLRQDQGUHGLUHFWVLWWRWKHSURSHUDQJOHWREHIHGWRWKHOLJKWJXLGH6LQFH/HQV
LVDOLQHDUOHQVLQWKH[GLUHFWLRQLWZLOOQRWDIIHFWWKHRSWLFDOSDWKZD\RIOLJKWLQWKH\GLUHFWLRQ7KHFRPELQDWLRQRI
DOOWKHVHFRPSRQHQWVDOORZVXVWRFRQFHQWUDWHOLJKWLQERWKGLUHFWLRQVLQGHSHQGHQWO\DQGPDLQWDLQWKHFROOLPDWHGOLJKW
WRZLWKLQDKDOIDQJOHRI
/LJKWJXLGH
$IWHU WKH OLJKW KDV EHHQ UHGLUHFWHG DQG FRQFHQWUDWHG LW LV IHG LQWR WKH OLJKW JXLGHV GLVWULEXWHG XQLIRUPO\
WKURXJKRXWWKHEXLOGLQJDQGGHOLYHUHGWRWKHZRUNLQJDUHDXVLQJRYHUKHDGOXPLQDLUHV,QWKLVFDVHWKHOLJKWJXLGHLVD
KROORZ UHFWDQJXODU SLSH XVHG IRU WUDQVIHUULQJ OLJKW 7KH VLGH ZDOOV DQG WRS RI WKH LQQHU VXUIDFH RI WKH JXLGH DUH
FRYHUHGZLWKKLJKO\VSHFXODUUHIOHFWLYHPDWHULDODQGWKHERWWRPOLJKWWUDQVPLWWLQJVXUIDFHLVPDGHRXWRISULVPDWLF
PLFURVWUXFWXUHGRSWLFDO ILOPZKLFKKDVGXDO IXQFWLRQDOLW\ ,I WKHDQJXODUGHYLDWLRQRI LQFLGHQW OLJKW IURP WKHD[LDO
GLUHFWLRQ RI WKH JXLGH LV OHVV WKDQ D FULWLFDO DQJOH ZKHUH WKLV FULWLFDO DQJOH GHSHQGV RQ WKH UHIUDFWLYH LQGH[ RI
SULVPDWLFILOPWKHOLJKWXQGHUJRHVWRWDOLQWHUQDOUHIOHFWLRQDQGZLOOEHUHIOHFWHGVXFKWKDWLWFRQWLQXHVWRSURSDJDWH
DORQJWKHJXLGH2WKHUZLVHLWLVWUDQVPLWWHGWKURXJKWKHSULVPDWLFILOPDQGH[LWVWKHSLSH>@,QRUGHUWRWUDQVSRUW
OLJKWDORQJWKHJXLGHWKHLQFLGHQWDQJOHRIPRVWRIWKHUD\VQHHGVWREHVPDOOHUWKDQWKHFULWLFDODQJOHVRWKDWWKH\DUH
ZLWKLQWKHDFFHSWDEOHUDQJHRIWKHSULVPDWLFILOP)RUSRO\FDUERQDWHSULVPDWLFILOPWKHFULWLFDODQJOHLVιZKLFKLV
PXFKJUHDWHUWKDQRXUVRODULQSXWKDOIDQJOH$OOPDWHULDOVXVHGLQWKHOLJKWJXLGHDUHFRPPHUFLDOO\DYDLODEOH
$OWKRXJK WKH PDWHULDO XVHG LQ WKH OLJKW JXLGH LV KLJKO\ HIILFLHQW HDFK WLPH OLJKW KLWV WKH UHIOHFWLYH ZDOOV RU
SULVPDWLFRSWLFDOILOPWKHUHLVDVPDOODPRXQWRIDEVRUSWLRQ,WLVWKHUHIRUHGHVLUDEOHWRPLQLPL]HWKHQXPEHURIZDOO
UHIOHFWLRQVDV WKH OLJKW WUDYHOVGRZQ WKHJXLGH)RUDQ\JLYHQ OHQJWKRI OLJKWJXLGH WKLVFDQEHDFKLHYHGHLWKHUE\
XVLQJDJXLGHZLWKDODUJHUFURVVVHFWLRQRUXVLQJPRUHKLJKO\FROOLPDWHGOLJKW,QWKLVFDVHVLQFHWKHRXWSXWRIWKH
FRQFHQWUDWRUFRPSRQHQWLVKLJKO\FROOLPDWHGZHZHUHDEOHWRXVHDUHODWLYHO\WKLQJXLGHFPPHDVXUHGYHUWLFDOO\
DQGWUDQVIHUOLJKWPXFKIXUWKHUGRZQWKHJXLGHDWWKHVDPHWLPH7KHIHDVLEOHSHQHWUDWLRQGHSWKRIWKHJXLGHLVWKXV
LQFUHDVHGWRPHWHUVLQWKLVGHVLJQ
7REHDEOHWRH[WUDFWOLJKWXQLIRUPO\DORQJWKHJXLGHDQHVFDSHPHFKDQLVPZDVLQWURGXFHGWRWKHV\VWHP7KLVLV
DFKLHYHG YLDDQH[WUDFWRU VKHHW WKDW LVLQVWDOOHGLQVLGHWKHJXLGH >@7KHH[WUDFWRU LVDOLJKWGLIIXVHUPDWHULDOWKDW
VFDWWHUVOLJKWUD\VWRUDQGRPDQJOHVXVXDOO\RXWVLGHWKHDFFHSWDEOHUDQJHRIWKHOLJKWJXLGH7KHOLJKWUD\VWKDWKLWWKH
GLIIXVHUKDYHDKLJKSUREDELOLW\RIHVFDSLQJWKHOLJKWJXLGH7RJHWXQLIRUPRXWSXWIURPWKHOLJKWJXLGHWKHVL]HRI
WKH H[WUDFWRU PXVW LQFUHDVH IXUWKHU GRZQ WKH JXLGH VLQFH WKH LQWHQVLW\ RI OLJKW GURSV JUDGXDOO\ DV PRUH OLJKW LV
H[WUDFWHG7KHOLJKWJXLGHVDUHLQWHJUDWHGZLWKGLPPDEOHHOHFWULFODPSVLQVLGHZKLFKDUHSURJUDPPHGWRVXSSOHPHQW
GD\OLJKWLQJLIQHHGHGLQRUGHUWRPDLQWDLQWKHGHVLUHGOHYHORILOOXPLQDWLRQ>@
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3HUIRUPDQFHPRGHOOLQJDQGHIILFLHQF\FDOFXODWLRQ
5HGLUHFWRUFRPSRQHQW
7KHSHUIRUPDQFHDQGHIILFLHQF\ RI HDFKFRPSRQHQWKDYHEHHQFDUHIXOO\FDOFXODWHGXVLQJDUD\WUDFLQJVRIWZDUH
FDOOHG ³7UDFH3UR´ >@ 7KH UHGLUHFWRU LV D NH\ FRPSRQHQW LQ WKH FRUH VXQOLJKWLQJ V\VWHP 7R RSWLPL]H WKH
SHUIRUPDQFH RI &6/6 LW LV LPSRUWDQW WR PD[LPL]H WKH HIILFLHQF\ RI WKH UHGLUHFWRU ZKHUH WKH HIILFLHQF\ RI WKH
UHGLUHFWRUܧோLVWKHUDWLRRIFDSWXUHGOLJKWE\WKHUHGLUHFWRUܮோWRWKHOLJKWKLWWLQJWKHWRSVXUIDFHRIUHGLUHFWRU
ܮ଴
ܧܴ ൌ ܮܴܮͲ
,IWKHLOOXPLQDQFHRIDOLJKWVRXUFHLVܫͲWKHOXPLQRXVIOX[RIWKHOLJKWWKDWKLWVWKHVXUIDFHRIUHGLUHFWRUܮͲLV
ܮͲ ൌ ܫͲ ൈ ܣ݂݂݁ ൈ ሺߙሻ
:KHUHܣ݂݂݁LVWKHHIIHFWLYHDUHDRIWKHVXUIDFHDQGߙLVWKHLQFLGHQWDQJOHRIWKHOLJKW)RURQHXQLWRIUHGLUHFWRU
ZLWKWKHGLDPHWHURIPWKHHIIHFWLYHDUHDLV݉ଶDQGWKHLQFLGHQWDQJOHLVWKHVRODUDOWLWXGHDQJOH7RFDSWXUH
WKHPD[LPXPDPRXQW RI OLJKWZLWK RQH XQLW RI WKH UHGLUHFWRU DOO YDULDEOHV RI WKH UHGLUHFWRU VXFK DV VODW VL]H DQG
GLVWDQFHEHWZHHQVODWVKDYHEHHQSUHFLVHO\FDOFXODWHGWRRSWLPL]HWKHHIILFLHQF\7KHOXPLQRXVIOX[RIFDSWXUHGOLJKW
DQGHIILFLHQF\RIWKHUHGLUHFWRULVVKRZQLQWKH)LJXUHIRUWKHVLQJOHDQGGRXEOHUHIOHFWLRQPRGH

  DE
)LJD/XPLQRXVIOX[RIFDSWXUHGOLJKWE\UHGLUHFWRUEHIILFLHQF\RIUHGLUHFWRUYHUVXVVRODUDOWLWXGHDQJOHIRU
VLQJOHUHIOHFWLRQDQGGRXEOHUHIOHFWLRQPRGHVIRUVRODUD]LPXWKDQJOHൌ ͳͺͲι
$VVKRZQLQWKHJUDSKVWKHHIILFLHQF\RIWKHUHGLUHFWRULQWKHVLQJOHUHIOHFWLRQPRGHGURSVGUDPDWLFDOO\IRUKLJK
VRODUDOWLWXGHV7KLVFDQHVSHFLDOO\DIIHFW WKHV\VWHP LQSODFHV ORFDWHGDW ORZ ODWLWXGHV ,QWKHVH ORFDWLRQV WKHVRODU
DOWLWXGHFDQEHYHU\KLJKGXULQJDODUJHSRUWLRQRIGD\LQVSULQJDQGVXPPHUGD\V7KHGRXEOHUHIOHFWLRQPRGHKDV
EHWWHUSHUIRUPDQFHDWKLJKHUVRODUDOWLWXGHV%\FRPELQLQJWKHVHWZRPRGHVZHFDQPDLQWDLQWKHFDSWXUHGOXPLQRXV
IOX[DWOXPHQVIRUDORQJHUSRUWLRQRIGD\7KLVOXPLQRXVIOX[YDOXHLVUHTXLUHGLQWKLVV\VWHPWRLOOXPLQDWHD
݉ଶ RIILFH DUHD DW  OX[ 7KH V\VWHP ZLOO VZLWFK EHWZHHQ WKH WZR RSHUDWLQJ PRGHV GHSHQGLQJ RQ WKH VXQ
SRVLWLRQWRPD[LPL]HWKHDPRXQWRIVXQOLJKWWKDWLVUHGLUHFWHGE\WKHDVVHPEO\5D\WUDFLQJVLPXODWLRQVVKRZWKDWWKH
YDULDWLRQLQHIILFLHQF\RYHUWKHVRODUD]LPXWKDQJOHPRYHPHQWLVOHVVWKDQDQGWKDWWKHDPRXQWRIFDSWXUHGOLJKW
LVDOPRVWLGHQWLFDOIRUDOOIRXUIDFDGHV
8VLQJ D VHULHV RI UD\ WUDFLQJ VLPXODWLRQV WKH HIILFLHQF\ RI WKH UHGLUHFWRU ZDV FDOFXODWHG IRU GLIIHUHQW VRODU
DOWLWXGHV DQG D]LPXWK DQJOHV 8VLQJ D VWDQGDUG VXQ SRVLWLRQ FDOFXODWLRQ DQG HIILFLHQF\ FKDUW ZH FDQ SUHGLFW WKH
OXPLQRXVIOX[FDSWXUHGE\WKHUHGLUHFWRUIRUDQ\ORFDWLRQDWDQ\WLPHRIWKHGD\WKURXJKRXWWKH\HDU)RUH[DPSOHWKH
UHIOHFWHGOXPLQRXVIOX[DWι1LVVKRZQLQ)LJXUHGXULQJWKHHTXLQR[HVDQGVROVWLFHVVSULQJHTXLQR[DQGDXWXPQ
HTXLQR[DUHLGHQWLFDO7KHUHDUHDIHZKRXUVGXULQJVSULQJDQGVXPPHUGD\VZKHUHWKHIOX[RIFDSWXUHGOLJKWLQWKH
VLQJOHUHIOHFWLRQPRGHGURSVEHORZOXPHQV6ZLWFKLQJWRWKHGRXEOHUHIOHFWLRQPRGHGXULQJWKRVHKRXUVZLOO
ERRVWWKHSHUIRUPDQFHRIWKHV\VWHP,QIDOODQGZLQWHUGD\VWKH&6/6FDQZRUNRQO\LQVLQJOHUHIOHFWLRQPRGH)RU
ORFDWLRQVRIODWLWXGHVKLJKHUWKDQι WKHV\VWHPRQO\QHHGVVLQJOHVODWUHGLUHFWRUVEHFDXVHWKHVRODUDOWLWXGHQHYHU
JHWVKLJKHQRXJKWRZDUUDQWWKHHIILFLHQF\RIWKHGRXEOHUHIOHFWLRQPRGH

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F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)LJ/XPLQRXVIOX[RIOLJKWFDSWXUHGE\WKHUHGLUHFWRUDWDVSULQJHTXLQR[EVXPPHUVROVWLFHFZLQWHUVROVWLFH
YDOXHVDUHDYHUDJHGIRUIRXUVLGHVRIWKHEXLOGLQJ6ROLGOLQHVLQJOHUHIOHFWLRQPRGHGDVKHGOLQH'RXEOHUHIOHFWLRQPRGH
&RQFHQWUDWRUFRPSRQHQW
7KHQH[W FRPSRQHQW WKDW OLJKW WUDYHOV WKURXJK LV WKH FRQFHQWUDWRU VHFWLRQ ,W LV LPSRUWDQW WKDW WKH FRQFHQWUDWRU
FDSWXUHVPRVWRIWKHOLJKWWKDWUHDFKHVLWDQGFROOLPDWHVLWDVPXFKDVSRVVLEOH7KHSURSHUWLHVRIWKHFRPSRQHQWV
VXFK DV WKH IRFDO GLVWDQFH RI WKH OHQVHV DQGPLUURUV DV ZHOO DV WKHLU H[DFW ORFDWLRQV DQG RULHQWDWLRQV KDYH EHHQ
FDOFXODWHGWRUHDFKWKHPD[LPXPHIILFLHQF\DQGFROOLPDWLRQDWWKHVDPHWLPH
7R WHVW WKHGHVLJQSHUIRUPDQFHZHPRGHOOHG WKHV\VWHPZLWKDOLJKW VRXUFH WKDWUHVHPEOHVD VRODUOLJKW VRXUFH
ZLWKDKDOIDQJOHRI7KHHIILFLHQF\RIWKHV\VWHPLVDERXWZKHUHHIILFLHQF\LVWKHUDWLRRIRXWSXWOLJKWWR
WKHOLJKWWKDWKLWVWKHOHQVDVVHPEO\0RUHRYHURIWKHRXWSXWOLJKWKDVOHVVWKDQDιKDOIDQJOH$VPHQWLRQHG
HDUOLHUWKHFROOLPDWLRQRIWKHRXWSXWOLJKWLVLPSRUWDQWIRUWUDQVIHUULQJOLJKWWRDORQJHUGLVWDQFHLQWKHOLJKWJXLGH
/LJKWSLSH
7KH OLJKW FRPLQJ IURP WKH FRQFHQWUDWRUZLOO EH IHG LQWR WKH OLJKW JXLGH SUHYLRXVO\ GHVFULEHG 7R H[WUDFW WKH
PD[LPXPDPRXQWRI OLJKW IURP WKHJXLGHDQG WRKDYH WKHKLJKHVWVSDWLDOXQLIRUPLW\DORQJ WKHJXLGH WKHVL]HDQG
VKDSHRIWKHH[WUDFWRUPXVWEHGHWHUPLQHGDVDIXQFWLRQRISRVLWLRQDORQJWKHJXLGH$PORQJSLSHZLWKDFPE\
FPFURVVVHFWLRQZDVPRGHOOHGLQRXUVLPXODWLRQ7KHZLGWKRIWKHH[WUDFWRULVFPDWWKHHQWUDQFHDQGJUDGXDOO\
LQFUHDVHVDORQJWKHSLSHEHFDXVH WKH LQWHQVLW\RI OLJKWGURSVDQGPRUHUD\VQHHG WREHGLIIXVHGDQGH[WUDFWHG7KH
UHVXOWDQW OLJKWRXWSXW LVXQLIRUPDORQJWKHSLSHDQG WKH OLJKWLQWHQVLW\KDVRQO\DേͳͷΨ  IOXFWXDWLRQ0RUHRYHU WKH
YDULDWLRQRIOLJKWKDSSHQVVORZO\DORQJWKHSLSHZKLFKLVLPSRUWDQWIRUYLVXDOFRPIRUW
7RFDOFXODWHHIILFLHQF\UHDOSURSHUWLHVZHUHDSSOLHGWRPDWHULDOVLQWKHOLJKWJXLGH6LPXODWLRQVVKRZHGWKDW
RIOLJKWFDQEHH[WUDFWHGIURPWKHSLSHDQGZLOOUHWXUQWRWKHHQWUDQFHDQGH[LWWKHSLSH7KHUHPDLQLQJZLOO
EHDEVRUEHGE\PDWHULDOVLQWKHSLSHVXFKDVUHIOHFWLYHZDOOVSULVPDWLFRSWLFDOOLJKWLQJILOPDQGGLIIXVHUV
/LJKWLQJPRGXOH
7KHQH[WVWHSZDVWRFDOFXODWHWKHDPRXQWRIGD\OLJKWLQJWKDWFRXOGEHSURYLGHGE\WKH&6/6DWWKHZRUNSODQH
LQVLGH WKHEXLOGLQJ ,QDW\SLFDORIILFH OXPLQDLUHVDUHVHSDUDWHGE\DERXWWRP ,QRUGHUWR VLPXODWHDQRIILFH
HQYLURQPHQWZHSRVLWLRQHGWKHOLJKWJXLGHVPDSDUW6LQFHRIILFHVKLJKO\YDU\LQVL]HDQGVKDSHZHVLPXODWHGWKH
OLJKW GLVWULEXWLRQ LQVLGH D VPDOOHUPRGXOHZKLFKZRXOG UHVHPEOH D VOLFH RI WKH EXLOGLQJ (DFK OLJKWLQJPRGXOH LV
LOOXPLQDWHGZLWKRQHOLJKWJXLGHWKXVLW LVFKRVHQEHPZLGH7KHPRGXOHLVPORQJZKLFKLVWKHPD[LPXP
GLVWDQFHWKDWWKH&6/6ZRXOGW\SLFDOO\EHH[SHFWHGWRSURYLGHVXQOLJKWZLWKLQWKHEXLOGLQJ7KHPRGXOHSDUDPHWHUV
DUHVHWVXFKWKDWLWUHSUHVHQWVDSRUWLRQRIWKHEXLOGLQJDQGVLGHE\VLGHPRGXOHVVLPXODWHWKHOLJKWGLVWULEXWLRQLQD
ODUJHUDUHD,WLVDVVXPHGWKDWQRZLQGRZLVLQYROYHGLQWKHPRGXOHVLQFHWKHVL]HRIWKHZLQGRZVDQGRULHQWDWLRQRI
WKHPRGXOHZLOODIIHFWWKHUHVXOW,QDUHDOEXLOGLQJWKHHIIHFWRIZLQGRZVQHHGVWREHFRQVLGHUHGVLQFHOLJKWLQWHQVLW\
LVKLJKHUQHDUZLQGRZV7KHH[WUDFWRUQHHGVWREHPRGLILHGVXFKWKDWLWH[WUDFWVOHVVOLJKWQHDUZLQGRZVWRNHHSWKH
OLJKWLQJOHYHOXQLIRUPDORQJWKHPRGXOH
7RPDNH WKLVPRGXOH D UHDOLVWLF UHSUHVHQWDWLYH RI D ODUJHU RIILFH DUHD LQ WKH EXLOGLQJ D SDUWLFXODU UHIOHFWDQFH
FKDUDFWHULVWLFVKRXOGEHDSSOLHGWRWKHVXUIDFHLQWKHVLPXODWHGPRGHO:HHVWLPDWHGWKHZDOOVWRKDYHVSHFXODU
DQGGLIIXVHGUHIOHFWDQFHDQGDEVRUSWLRQ7KHVSHFXODUUHIOHFWDQFHFRPSRQHQWUHSUHVHQWVDQRSHQVSDFH
ZKHUHOLJKWZLOOEHFRQWULEXWHGIURPWKHQHLJKERXULQJPRGXOHV7KHRWKHUWZRFRPSRQHQWVUHSUHVHQWDW\SLFDOZKLWH
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ZDOOZLWKUHIOHFWDQFHRIDQGDEVRUSWLRQRI7KHFHLOLQJLVDVVXPHGWREHGLIIXVHGUHIOHFWLYHVLPLODUWR
DFHLOLQJLQDW\SLFDORIILFHDQGWKHIORRULVGLIIXVHUHIOHFWDQFHDQGDEVRUSWLYH
7KHUHIOHFWDQFHRIWKHVXUIDFHVLQWKHURRPKDVDODUJHLPSDFWRQWKHFRHIILFLHQWRIXWLOL]DWLRQ&8ZKLFKLVWKH
HIIHFWLYHQHVVLQZKLFKWKHOXPLQRXVIOX[SURYLGHGE\WKHOXPLQDLUHFDQEHGHOLYHUHGRQWRWKHZRUNSODQH>@7KH
YDOXHRI&8DOVRGHSHQGVRQWKHDQJXODUGLVWULEXWLRQRIWKHOLJKWVRXUFHDQGWKHJHRPHWU\RIWKHURRP,QPRVWFDVHV
WKH&8LVOHVVWKDQEXWIRUDURRPZLWKYHU\KLJKUHIOHFWDQFHZKHUHOLJKWXQGHUJRHVPDQ\UHIOHFWLRQVEHIRUHEHLQJ
DEVRUEHG LW LV SRVVLEOH WR KDYH D &8 YDOXH ELJJHU WKDQ  8VLQJ WKH GHVFULEHG PRGXOH ZH VLPXODWHG WKH OLJKW
GLVWULEXWLRQV LQVLGH WKHRIILFHDUHDDQGFDOFXODWHG WKHGHOLYHUHG OXPLQRXV IOX[DW WKHZRUNSODQH7KHFRHIILFLHQWRI
XWLOL]DWLRQWKHUDWLRRIGHOLYHUHGOXPLQRXVIOX[DWWKHZRUNSODQHWRWKHRXWSXWRIOLJKWJXLGHZDVFDOFXODWHGWREH
LQWKLVPRGXOH
/DUJH YDULDWLRQV RI WKH OLJKW LQWHQVLW\ RYHU D VKRUW GLVWDQFH DFURVV WKH ZRUN SODQH FDQ EH XQSOHDVDQW 7KH
VLPXODWLRQUHVXOWVVKRZHGWKDWVXFKYDULDWLRQLVQRWDSUREOHPLVWKLVV\VWHP7KHYDULDWLRQRIOLJKWLQWHQVLW\DFURVV
WKH PRGXOH ZDV FDOFXODWHG WR EH  DFURVV WKH PRGXOH DQG  DORQJ WKH PRGXOH ZKLFK LV YLUWXDOO\
XQQRWLFHDEOH7KHOLJKWGLVWULEXWLRQSDWWHUQLVLQGHSHQGHQWRIWKHRULHQWDWLRQRIWKHPRGXOHDQGWKHYDULDWLRQLQWKH
LOOXPLQDQFOHYHOLVYHU\VPDOOOHVVWKDQIRUGLIIHUHQWRULHQWDWLRQV7KHLOOXPLQDQFHGLVWULEXWLRQDWWKHZRUNSODQH
LQWKHPRGXOHLVVKRZQLQ)LJXUHIRUι1GXULQJVXPPHUVROVWLFHDWERWKDPDQGQRRQWKHLOOXPLQDQFHPDSDW
SPLVLGHQWLFDOWRDPVRLWLVQRWVKRZQKHUH7KHLOOXPLQDQFHGLVWULEXWLRQZLWKLQWKHPRGXOHUHPDLQVTXLWH
FRQVWDQWGXULQJWKHFRXUVHRIWKHGD\DQGWKHRQO\WKLQJWKDWFKDQJHVVORZO\LVWKHDYHUDJHLOOXPLQDQFHOHYHO
  DEFG
)LJ,OOXPLQDQFHPDSDWWKHZRUNSODQHLQWKHOLJKWLQJPRGXOHDW1DWVXPPHUVROVWLFHDDWDPDYHUDJHLOOXPLQDQFHOX[EDW
QRRQDYHUDJHLOOXPLQDQFHOX[FOLQHVFDQRILOOXPLQDQFHDORQJWKH<D[LVGOLQHVFDQRILOOXPLQDQFHDORQJWKH;D[LV
&RPELQLQJDOOFRPSRQHQWVZHZHUHDEOHWRFDOFXODWHWKHRYHUDOOHIILFLHQF\RIWKHV\VWHPZKLFKLVWKHIUDFWLRQRI
WKH OLJKW FDSWXUHG E\ WKH UHGLUHFWRU WKDW FDQ EH GHOLYHUHG WR WKH URRP DW WKHZRUN SODQH )LJXUH 7KH HIIHFWLYH
HIILFLHQF\RIWKHV\VWHPLVWKHPXOWLSOLFDWLRQRIHIILFLHQF\RIHDFKFRPSRQHQW

ܧ݂݂ ൌ ܣ஼ ൈ ܧ௖ ൈ ܧ௉ ൈ ܥܷ

:KHUHܣ஼ LVWKHUDWLRRIOLJKWWKDWZLOOKLWHDFKXQLWRIWKHFRQFHQWUDWRUܫଵ WRWKHOLJKWWKDWLVUHGLUHFWHGE\WKH
UHGLUHFWRU ܫܧ௖ LV WKH HIILFLHQF\ RI WKH FRQFHQWUDWRU ூమூభ ܧ௉ LV WKH HIILFLHQF\ RI OLJKW JXLGH 
ூయ
ூమ DQG&8 LV WKH
FRHIILFLHQWRIXWLOL]DWLRQூరூయ0XOWLSO\LQJDOOWKHVHYDOXHVWKHRYHUDOOHIILFLHQF\RIWKHV\VWHPLVH[SHFWHGWREH

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
)LJ7KHFRUHVXQOLJKWLQJV\VWHPFDSWXUHVOLJKWDWURRIOHYHOFRQFHQWUDWHVLWDQGGHOLYHUVLWRQWRWKHZRUNSODQHLQWKHEXLOGLQJ
(QHUJ\VDYLQJFDOFXODWLRQ
6XQOLJKW LV D IUHH DQG UHQHZDEOH VRXUFH RI HQHUJ\ EXW LWV DYDLODELOLW\ YDULHV ZLWK ORFDWLRQ DQG WLPH $V ZH
PHQWLRQHGHDUOLHUXVLQJWKHVRODUJHRPHWU\FDOFXODWLRQWKHOXPLQRXVIOX[FDSWXUHGE\UHGLUHFWRUVFDQEHFDOFXODWHGDW
DQ\ WLPH RI WKH GD\ IRU DQ\ SODFH 7R FDOFXODWH GHOLYHUHG OXPLQRXV IOX[ LQ WKH OLJKW PRGXOH ZH PXOWLSOLHG WKH
OXPLQRXV IOX[ RI WKH FDSWXUHG OLJKW E\ WKH UHGLUHFWRU E\ WKH RYHUDOO HIILFLHQF\ RI WKH V\VWHP:H FDOFXODWHG WKH
DYHUDJHDYDLODEOHLOOXPLQDQFHDWWKHZRUNSODQHZKLFKLVWRWDOOXPLQRXVIOX[GHOLYHUHGWRWKHPRGXOHGLYLGHGE\WKH
DUHDRIWKHPRGXOH,Q)LJXUHDYHUDJHLOOXPLQDQFHOHYHOLVVKRZQIRUι1GXULQJHTXLQR[DQGVROVWLFHV

 
)LJ$YDLODEOHLOOXPLQDQFHDWZRUNSODQHDWHTXLQR[HVIRUι1VSULQJDQGDXWXPQHTXLQR[HVDUHLGHQWLFDO

,WLVGHVLUDEOHWRNHHSWKHOHYHORILOOXPLQDWLRQDWOX[LQRIILFHDUHDV>@$VVKRZQLQ)LJXUHWKHUHZLOOEH
HQRXJKOLJKWWRLOOXPLQDWHEXLOGLQJVZLWKRQO\GD\OLJKWLQJRQVXQQ\GD\VGXULQJVSULQJDQGVXPPHU'XULQJDXWXPQ
DQGZLQWHUWKHOHYHORIGD\OLJKWLQJLVHQRXJKIRUDSRUWLRQRIGD\DQGLWFDQEHVXSSOHPHQWHGZLWKHOHFWULFDOOLJKWLQJ
GXULQJWKHUHVWRIWKHGD\WRPDLQWDLQDFRQVWDQWOHYHORIOLJKWLQJ
$VVKRZQLQ)LJXUHWKHFDSWXUHGOLJKWE\WKHUHGLUHFWRUVLVGLVWULEXWHGXQLIRUPO\EHWZHHQIORRUV,QWKLVVSHFLILF
GHVLJQ WKHUHGLUHFWRUXQLW LVPZLGHZKLFKSURYLGHVHQRXJK OLJKW IRU IORRUV ,QPDQ\ LQVWDOODWLRQV LWZRXOGEH
SUDFWLFDO WR KDYH D PZLGH UHGLUHFWRU SRVLWLRQHG DW WKH URRI HGJHZKLFKZRXOG SURYLGH OLJKW IRU  IORRUV RI WKH
EXLOGLQJ &RQVLGHULQJ WKH IDFW WKDW DERXW  RI FRPPHUFLDO EXLOGLQJV LQ WKH 86 DUH  IORRUV >@ WKLV FRUH
VXQOLJKWLQJV\VWHPFDQVHUYHDVLJQLILFDQWSRUWLRQRIFRPPHUFLDOEXLOGLQJV
7KH FDOFXODWLRQV VKRZQ DERYH DUH IRU XQREVWUXFWHG VXQOLJKW +RZHYHU ZHDWKHU FRQGLWLRQV DQG VXQVKLQH
SUREDELOLW\DIIHFWWKHSHUIRUPDQFHRIWKHV\VWHP0RUHRYHUWKHFRUHVXQOLJKWLQJV\VWHPFDQRQO\ZRUNXQGHUGLUHFW
VXQVKLQHVLQFHGLIIXVHGOLJKWFDQQRWHIILFLHQWO\EHFRQFHQWUDWHGE\WKHV\VWHPWKXVHOHFWULFDOOLJKWLQJLVQHHGHGLQ
RYHUFDVWFRQGLWLRQV7RFDOFXODWHKRZPXFKHQHUJ\FDQEHVDYHGRQDYHUDJHHDFKPRQWKLQDVSHFLILFORFDWLRQWKH
VXQVKLQHSUREDELOLW\RIWKDWFLW\DWWKDWWLPHRIWKH\HDUQHHGVWREHFRQVLGHUHGDVZHOO
,WLVSUHPDWXUHWRFDOFXODWHH[DFWO\KRZPXFKD&6/6XQLWZLOOFRVWLQYROXPHSURGXFWLRQEXWVLQFHWKHV\VWHP
XVHV VWDQGDUG FRPSRQHQWV ZH DUH FRQILGHQW WKDW LW LV SRVVLEOH WR PDNH WKLV V\VWHP DW D UHDVRQDEOH FRVW )XUWKHU
DQDO\VLV FRXOG EH GRQH WR FRPSDUH WKH SHUIRUPDQFH RI WKLVPRGHO RI WKH FRUH VXQOLJKWLQJ V\VWHP DQG RWKHU FRUH
VXQOLJKWLQJV\VWHPVEXWDVPHQWLRQHGHDUOLHUZHZHUHDEOHWRRYHUFRPHWKHOLPLWDWLRQVLQWKHH[LVWLQJPRGHOVZKLFK
ZLOOLPSURYHWKHSHUIRUPDQFHRIWKLVPRGHOLQFRPSDULVRQWRH[LVWLQJRQHV
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&RQFOXVLRQ
7KHXVHRIGD\OLJKW IRU WKH LOOXPLQDWLRQRI WKHEXLOGLQJV LVZHOONQRZQ LQWKHEXLOGLQJ LQGXVWU\7KHQHZFRUH
VXQOLJKWLQJV\VWHPGHVLJQKDVDQRYHODSSURDFKWRWKHSUREOHP,WVDELOLW\WRFDSWXUHOLJKWDWURRIOHYHOHTXDOO\IURP
DOOVLGHVRIDEXLOGLQJPDNHVLWDQHIILFLHQWPHWKRGIRUGHOLYHULQJVXQOLJKWWRWKHGDUNFRUHRIDEXLOGLQJ5D\WUDFLQJ
VLPXODWLRQUHVXOWVVKRZWKDWWKLVFRUHVXQOLJKWLQJV\VWHPKDVSRWHQWLDOWRSURYLGHXVHIXOLOOXPLQDWLRQPRVWRIWKHWLPH
7KHLPSDFWRIWKLVV\VWHPRQWKHDSSHDUDQFHRIEXLOGLQJVLVPLQLPDODQGLWFDQEHUHDGLO\LQWRH[LVWLQJEXLOGLQJV
$FNQRZOHGJHPHQWV
7KHDXWKRUVZLVKWRWKDQNWKH1DWXUDO6FLHQFHVDQG(QJLQHHULQJ5HVHDUFK&RXQFLORI&DQDGDDQGWKH6XVWDLQDEOH
%XLOGLQJ 6FLHQFH 3URJUDP DW WKH8QLYHUVLW\ RI %ULWLVK &ROXPELD IRU SURYLGLQJ ILQDQFLDO VXSSRUW IRU WKLV UHVHDUFK
SURMHFW
5HIHUHQFHV
>@ 01DYYDE'D\OLJKWLQJ7HFKQLTXHV6N\OLJKWDVD/LJKW6RXUFH$UFK/LJKW
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